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Theologians and s c i e n t i s t s  s h a r e  the asp i ra t ion  of obtaining a 

d e e p e r  understanding of life and the na ture  of the  universe .  

that  t h i s  understanding should be b a s e d  o n  information-- the m o r e  t h e  

be t te r .  

f o r c e s  i n  t h e  l a s t  few y e a r s .  

found effect  on  everyone ' s  thinking. 

r e c e n t  information f r o m  the a r e a  of m o l e c u l a r  biology and the impact  

it has upon t h r e e  specif ic  quest ions that  I wish to pose.  

a re :  

They a g r e e  

We've acqui red  lo t s  of information about living things and physical  

T h i s  in format ion  m u s t  and will  have a pro-  

I 'd  l ike to s u m m a r i z e  s o m e  of th i s  

These  quest ions 

1) 

2) 

molecular  l e v e l ?  

3) 

What is m e a n t  by the t e r m s  l i fe  o r  living ? 

Are m e n t a l  p r o c e s s e s  too complex for  understanding a t  a 

Even if  m e n t a l  p r o c e s s e s  a r e  understood at a molecular  level ,  

a r e  sc ience  and technology adequate to guide human behavior  ? 

around th is  quest ion a r e  interwoven the m a n y  doubts and convictions 

of how n e c e s s a r y  re l ig ion  is a s  a guide to the human s p i r i t .  

In and 

1. What is m e a n t  b y  l i fe  o r  l iv ing?  A proper  definit ion of l iving 

things was  a popular indoor s p o r t  20 y e a r s  ago. I 'm i m p r e s s e d  at how 

m u c h  l e s s  concerned informed people a r e  about t h i s  today. At  the r a t e  

m o d e r n  biology is being taught and ass imi la ted ,  I 'd  b e  s u r p r i s e d  i f  th i s  

w e r e  a sui table  quest ion f o r  d i s c u s s i o n  by intell igent people 20 y e a r s  f r o m  

now. 
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The acquisit ion of the information regard ing  t h i s  quest ion is so 

r e c e n t  that  I 'd  l ike to c i te  a few incidents in  the h is tory  of sc ience  to 

provide s o m e  perspec t ive .  

Not v e r y  long ago m a n  w a s  so ignorant  about thunder ,  lightning 

and ra in ,  about m e t e o r s ,  s t a r s , t h e  s u n  and the moon, tha t  he had a l a r g e  

a s s o r t m e n t  of gods and goddesses  to help him encompass  all these  phenomena 

and bodies in  s o m e  r a t i o n a l  way. L a t e r  o n  the o r i g i n  and in te r re la t ionships  

of these  v a r i o u s  en t i t i es  in  n a t u r e  w e r e  understood well  enough to w a r r a n t  

cutting down on the number  of de i t ies .  I don ' t  want a t  th i s  point o r  a t  any 

subsequent point to  appear  s m u g  o r  to second-guess  o u r  a n c e s t o r s  of 

&=+W@ y e a r s  ago. If we knew only what they did we'd think and behave 
k , . . c  I 6 I /L m I 

exactly the s a m e  way. 

Some m o r e  r e c e n t  and spec i f ic  examples  might  b e t t e r  i l l u s t r a t e  

this  point. 

Aris tot le  had bel ieved that  life could b e  genera ted  spontaneously 

f r o m  nonliving things.  Given the "right" conditions, an  "active pr inciple"  

in  s o m e  b i t  of m a t t e r  would develop into s o m e  p a r t i c u l a r  c r e a t u r e .  To 

quote him: 

"Such are the facts, everything c o m e s  into being not only f r o m  t h e  

mat ing of an imals  but f r o m  the decay  of e a r t h .  And among plants  t h e  

m a t t e r  p r o c e e d s  in  the s a m e  way, s o m e  develop f r o m  seed ,  o t h e r s ,  as 

it were ,  by spontaneous genera t ion  by na tura l  f o r c e s ;  they a r i s e  f r o m  decay-  

ing e a r t h  o r  f r o m  c e r t a i n  p a r t s  of plants.  " 
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I-%* (.I' , 'c e ,  8 e I%&( 
people bel ieved g e e s e  or iginated f r o m  c e r t a i n  

fir t r e e s  t h a t  had c o m e  into contact  with o c e a n  w a t e r .  In the 16th century 

P a r a c e l s u s ,  an outstanding physician and chemist d t o  whom s o m e  h i s -  

to r ians  a s c r i b e  the d i s c o v e r y  of hydrogen, a l so  d e s c r i b e d  a s e r i e s  of 

observa t ions  on  the spontaneous genera t ion  of mice, f r o g s ,  eels and t u r t l e s  

f r o m  water ,  air, s t r a w  and decaying wood among o ther  things.  A century 

l a t e r  (only 300 y e a r s  ago) v a n  Helmont, a Belgian who p e r f o r m e d  r e a l l y  

excellent e x p e r i m e n t s  in  plant physiology, a lso c a m e  up with a s u r e - f i r e  

r e c i p e  f o r  producing m i c e  in  21  days .  Take  a d i r t y  (sweaty) s h i r t  and 

incubate with k e r n e l s  of wheat for  2 1  days.  Baby m i c e  e m e r g e .  

You a l l  know that  when t h e  cont ro l  e x p e r i m e n t  of incubating the 

s h i r t  and wheat in a box w a s  done 100 y e a r s  later,  it set th i s  m a t t e r  s t ra ight ,  

But then the c o n t r o v e r s y  s t a r t e d  a l l  o v e r  again with r e s p e c t  to m i c r o b e s .  

It w a s n ' t  until P a s t e u r  that  this  mat ter  was set s t ra ight .  

y e a r s  ago: It might  not have been  se t t led  even  then if it w e r e n ' t  for  the 

incredible  genius of P a s t e u r  ' s  exper iments t the  f o r c e  of h i s  personal i ty ,  

That  w a s  only 100 - 

r', I i 

Yet P a s t e u r  was  a devoutly re l ig ious  m a n .  

accept  and bel ieve things that even  Spanish bishops would find h a r d  to 

I ga ther  tha t  he was willing to 

swallow today. 

In prepar ing  t h e s e  notes  a week ago I c a m e  a c r o s s  the  following 

i t e m  i n  H e r b  C a e n ' s  co lumn wr i t ten  f r o m  Mexico City. 

"In sp i te  of the t e n d e r  m i n i s t r a t i o n s  of the Church  these  m a n y  centur ies ,  
supers t i t ion  l ives  o n  in  th i s  legendary land. 
new Museum of Anthropology s tands  a huge s ta tue  of a pre-Columbian r a i n  god 

At the entrance to  the magnif icent  
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which had stood f o r  c l o s e  to a thousand y e a r s  in  a tiny vi l lage.  When the 
Government  announced it was moving the idol to Mexico City, the nat ives  
rebe l led  so violently that  t r o o p s  had to b e  called.  
was instal led a t  the m u s e u m  t h e r e  was  a violent deluge--the f irst  r e c o r d e d  
ra infa l l  on t h a t  d a t e  i n  Mexico City r e c o r d s .  Nobody was  par t icu lar ly  s u r -  
p r  is ed.  

in Yucatan. 
b e c a m e  m y s t e r i o u s l y  ill with a v e r y  high f e v e r .  
could c u r e  her,  
The witch c a m e  and rubbed an egg--s t i l l  i n  its she l l - -a l l  o v e r  her  body. 
she broke  the egg into a s a u c e r  and placed it under the bed. 
ing m y  b a b y ' s  f e v e r  was  gone. 
I don ' t  bel ieve in mtchcraft, but  . . . . I '  And he shrugged.  I '  

On the d a y  the r a i n  god 

We lunched the o ther  day  with a Mexican executive who had b e e n  b o r n  
"I am not a supers t i t ious  man,  " he said,  "but r e c e n t l y  m y  baby 

We had t h r e e  doc tors .  None 
So I bundled h e r  up and flew to m y  home town in Yucatan. 

Then 
The next m o r n -  

And the egg under the bed was  cooked. Naturally,  

In 1828, the  belief was  f i r m l y  held tha t  the  molecules  produced by 

living things w e r e  fundamental ly  different  f r o m  anything the c h e m i s t  could 

a s s e m b l e  f r o m  non-organic  s o u r c e s .  This  idea  tha t  t h e r e  was  something 

v i ta l  about an  organic  molecule  was  exploded by Wohler 's  synthes is  of u r e a ,  

He succeeded i n  synthesizing this  molecule ,  previously known only to be 

obtained f r o m  urine,  f r o m  the s i m p l e  inorganic  r e a c t a n t s  CO and NH3. Once 2 

this belief was sha t te red ,  a rap id  s u c c e s s i o n  of m o r e  and m o r e  complicated 

organic  m o l e c u l e s  w e r e  synthesized.  Chlorophyll, morphine  and s e x  hor-  

m o n e s  a r e  synthesized by c h e m i s t s  f r o m  s c r a t c h .  Synthesis of s i m p l e  

proteins  and nucleic  ac ids  stopped making newspaper  headlines two y e a r s  

ago. It should be c l e a r  f r o m  t h i s  tha t  molecules ,  no m a t t e r  how complex, 

a r e  not dis t inguishable  in  any fundamenta l  way f r o m  s i m p l e  g a s e s  which 

s e r v e  a s  t h e i r  p r e c u r s o r s .  

In 1935, Wendell Stanley was  purifying the v i r u s  respons ib le  f o r  

m o s a i c  d i s e a s e  in  tobacco leaves .  To his a m a z e m e n t  the prepara t ion  
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crys ta l l ized  a s  i f  it w e r e  s o m e  s a l t  o r  s i m p l e r  organic  compound. 

20 y e a r s  it b e c a m e  c l e a r  that  the tobacco m o s a i c  v i r u s  is in  e s s e n c e  a 

molecule  consis t ing of a s ingle  nucleic acid molecule  of fixed composi t ion 

enveloped by a fixed a r r a n g e m e n t  of 2, 000 pro te in  molecules  each  of p r e -  

cise composition. 

f o r  the nucleic  acid.  

cule i f  ar t i f ic ia l ly  introduced into a tobacco leaf,,is quite sufficient to  

init iate and d i r e c t  the synthes is  and a s s e m b l y  of m a n y  complete  v i r u s e s  

which can  go on to infect o ther  plants .  I doubt that  t h e r e  a r e  any m a j o r  

chemica l  s u r p r i s e s  left in  the tobacco m o s a i c  v i r u s .  

of a l l  the a toms in  t h e  nucleic  acid and t h e  pro te in  will be known and l a t e r  

on  they will b e  synthesized f r o m  s i m p l e  p r e c u r s o r s .  

a t t r ibu tes  th i s  v i r u s  has ,  they no longer  s e e m  s t r a n g e  o r  p a r t i c u l a r l y  d i s -  

t inctive to  the chemis t .  

'Within 

The  pro te in  s e r v e s  a s  a protect ive overcoa t  in n a t u r e  

The re la t ive ly  s m a l l  and s i m p l e  nucleic acid mole-  

/) 

Soon the a r r a n g e m e n t  

Whatever l i fe- l ike 

V i r u s e s  l ike the  TMV are ,  as you know, far f r o m  being cells. They 

a r e  s t r e a m l i n e d  and s t r ipped  down to the point of being totally incapable 

of propogating t h e m s e l v e s  in  n a t u r e ,  They must  r e l y  on  en ter ing  a c e l l  

which has  the e i a b o r a t e  m a c h i n e r y  to supply the chemica l  e n e r g y  and 

special ized building blocks to synthes ize  the v i r a l  nucleic  acid and protein.  

A favor i te  place f o r  u s  to s tudy v i r a l  infections is in bac ter ia .  

doubts that  b a c t e r i a  a r e  alive with individuali t ies that  r e q u i r e  encyclopedias  

for  d e s  c r  ipt io n. 

No one 
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All  v i r u s e s  a r e  not a s  s imple  a s  the TMV nor a r e  a l l  bac t e r i a  com-  

plex enough to be able to fu l ly  sus ta in  themse lves  and propagate  in v e r y  

s imple  media .  

s p e c t r u m  of v i r u s  types f r o m  apparent ly  s imple  r o d s  and s p h e r e s  to r a t h e r  

fo rmidab le  looking c r e a t u r e s .  

called T2. 

mic roscope  of tha t  day. 

head skil lfully packed with DNA, a neck piece,  a ta i lpiece,  t a i l  f i be r s  and 

e leabora te  joints  and f i t t ings vdnich m a k e  th i s  c r e a t u r e  about a s  imposing 

at  a glance as  a ta ran tu la .  Th i s  s p e c t r u m  of inc reas ing  v i r a l  complexi ty  

blends a lmos t  impercep t ib ly  with the re la t ive  s implici ty  of t h e  r a t h e r  s m a l l  

s t r eaml ined  bac te r i a .  

plex v i r u s e s  and s i m p l e r  b a c t e r i a  will  b lur  any dividing l ines  into oblivion. 

Recen t  s tud ies  r e v e a l  that  t h e r e  is a b road  and continuous 

We work  a good dea l  with a bac te r i a l  v i r u s  

Twenty y e a r s  ago i t  was  a tiny glob b a r e l y  vis ible  in the e lec t ron  

Today it is known to have a complex  polyhedral 

I'm confident that  fu r the r  investigation of the com-  

If you think the l i t t l e  r o d s  and s p h e r e s  cal led bac te r i a  a r e  s imple ,  

forge t  it.  Twenty y e a r s  ago E s c h e r i c h i a  coli ,  the m o d e r n  b i o c h e m i s t ' s  

guinea pig, was j u s t  a l i t t l e  rod.  Then in 1945 L e d e r b e r g  and Tatum d i s -  

covered  i t  had sex.  

i t  was F r e n c h m e n  who l e a r n e d  how to exploit it. 

appeared  two y e a r s  ago by F r a n c o i s  J acob  and El ie  Wollman of the P a s t e u r  

Insti tute enti t led "Sexu&\ Iity and the Genet ics  of Bac te r i a .  " 

appeared  too la te  to include s o m e  elegant  photographs of project ions f r o m  

the m a l e  types of E. coli  that  v e r y  l ikely s e r v e  a s  the i r  copulative organs .  

While i t  was Amer icans  who d i scove red  s e x  in bac te r i a ,  

A r a t h e r  thick book 

The book 

You m a y  b e  accus tomed to seeing b a c t e r i a  a s  individual l i t t le  an imal -  

Th i s  is how we t r y  to d is t r ibu te  them in liquid cu l tures  for  op t ima l  cules .  
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growth r a t e  o r  s p r e a d  t h e m  on s l ides  f o r  convenient viewing. In na ture  o r  

left  to t h e i r  own devices  they f o r m  social ly  advantageous colonial  a r r a n g e -  

m e n t s .  T h e i r  c e l l  s u r f a c e s ,  about which we know too l i t t le ,  a r e  in t r ica te ly  

designed for  in te rac t ion  with o ther  c e l l s .  C e r t a i n  b a c t e r i a l  s p e c i e s  which 

r e s e m b l e  fungi develop complex s t r u c t u r e s  in  which c e r t a i n  of them s e r v e  

a s  a b a s e ,  o t h e r s  as a stalk and still o t h e r s  a s  a s o r t  of fruit ing body a t  the 

top. It r e a l l y  i s n ' t  too f a r - f e t c h e d  to c o m p a r e  the soc ia l  organizat ion of these  

ce l l s  to the mul t ice l lu la r  organiza t ions  which we c a l l  higher plants and 

an imals .  A comparable  extrapolat ion f r o m  soc ie t ies  of ants  and b e e s  to the 

soc ie ty  of m a n  is too common to dwel l  upon. 

Suppose it w e r e  t r u e  then tha t  the whole r a n g e  of living things s t a r t i n g  

I ,a :- 
f r o m  CO H 0 and NH3 vieit-e one indistinguishable continuum of m o l e c u l a r  2' 2 

a r r a n g e m e n t s ,  we a r e  still faced  with the p r o b l e m  of how th is  r e m a r k a b l e  

s p e c t r u m  was  c r e a t e d .  

. , .  _I*-. -" . 
I 

__. .----------- -----* 

This  last C h r i s t m a s  per iod I had the  l e i s u r e  to r e a d  and r e v i e w  a 

biology textbook with m y  youngest son,  a f r e s h m a n  a t  Woodside High School. 

This  is the blue book in  the -%S curr icu lum:  F r o m  Molecules  to  Man. I 

was  m o s t  i m p r e s s e d  with its organizat ion,  content and ambit ions.  When 

we got to the sec t ion  o n  the t h e o r i e s  of evolution I asked Ken whether they 'd  

actually r e a d  "Origin of Species .  ' I  "No, we haven ' t  r e a d  the book, " he 

said,  "but we 've s e e n  the movie.  " 

If t h e r e  w e r e  any l ingering doubts about n a t u r a l  se lec t ion  a s  t h e  b a s i s  

f o r  the o r i g i n  of new s p e c i e s  and the  reproduct ion  of exis t ing spec ies ,  they 

m u s t  be d ispe l led  b y  the  information acquired in t h e  p a s t  few y e a r s .  

s t r a n g e  how p e r s i s t e n t  the opposit ion to Darwinian evolution has  been. 

I t ' s  

In 
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R u s s i a  it survived the revolution, then Sta l in i sm and l a t e r  t h e  s y s t e m a t i c  

e rad ica t ion  of S ta l in i sm.  

K h r u s c h e v ' s  deposit ion,  that  san i ty  is being r e s t o r e d  to biology and genet ics  

in the  Soviet  Union. 

whose school  b o a r d s  still violently oppose the teaching of evolution-- 

It is only dur ing  the last few rnonths,since 

I ga ther  t h e r e  a r e  m a n y  communit ies  in  the U. S. 

Why a r e  we now m o r e  f i r m l y  convinced of the e s s e n t i a l  validity 

of the evolutionary p r o c e s s ?  

of the gene to be DNA. DNA as t h e  genet ic  subs tance  is respons ib le  f o r  

2 things: 

of the ce l l  which i n  t u r n  a r e  respons ib le  f o r  the e n t i r e  m a c h i n e r y  of the 

cell .  By dictating the specif ic  n a t u r e  of e v e r y  protein in  the cel l ,  the DNA 

d e t e r m i n e s  what the  cell looks like and e v e r y  aspec t  of its opera t ions .  

is the phenotypic function of the DNA, the function that d e t e r m i n e s  the 

physical  m a k e u p  of e v e r y  cel l .  The  second thing f o r  which DNA is respon-  

s ible  is its capaci ty  t o  a c t  a s  a templa te  f o r  producing a second copy of the 

DNA absolutely ident ical  to i tself .  T h i s  second copy is then furn ished  to a 

d w g h t e r  c e l l  i n  o r d e r  for  t h a t  offspr ing to develop the s a m e  c h a r a c t e r i s -  

t i cs  that its m o t h e r  had and in t u r n  be the r e p l i c a  f o r  making a set of g e n e s  

for  a 3 r d  genera t ion  and so on. T h i s  reproduct ive  function of DNA we s h a l l  

refer to a s  t h e  genotypic function. 

To  put it br ie f ly ,  we know the chemica l  n a t u r e  

F o r  one,  it contains  a l l  the information to produce the e n z y m e s  

T h i s  

T e n  y e a r s  ago t h i s  v iew of the function of DNA was  cal led the "cent ra l  

dogma.  ' I  

Many s c i e n t i s t s  focussed  on  s o m e  aspec t  of its foundation and suppor t  that  

As such,  it w a s  the t a r g e t  of intensive c r i t i c a l  inquiry and debate .  
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was absent  o r  shaky. All th i s  effor t  has  so solidified the  foundations of o u r  

view of how DNA functions in  heredi ty  that  we have t r a n s f e r r e d  o u r  p r e -  

occupation to  o t h e r ,  f a r  l e s s  tenable  dogmas .  

A l a r g e  m e a s u r e  of  suppor t  f o r  o u r  concepts  of gene action d e r i v e s  

f r o m  o u r  capaci ty  to alter the genotype of a c e l l  with r e s u l t s  that  f i t  p r e -  

dictions with an a c c u r a c y  of ten  typical  of as t ronomica l  c i rcu i t s .  F o r  ex- 

ample,  we = e  now able to r e m o v e  the DNA f r o m  a given b a c t e r i a l  spec ies ,  

cal l  it "Donor, " and by fract ionat ion p r o c e d u r e s  s e p a r a t e  it into f r a c t i o n s  

which contain the d i f f e r e n t  genes.  Under :sui table  conditions, a d i f fe ren t  

i 

spec ies ,  c a l l  it Acceptor) which l a c k s  one o r  m o r e  of t h e s e  genes ,  will  

absorb  the DNA, a s s i m i l a t e  it into its own genotype and thereby  b e  t r a n s -  

forme-d. into a new genotype, a v e r i t a b l e  new spec ies .  

a mutant  of Acceptor ,  d i sp lays  the novel c h a r a c t e r  which was donated to it 

by the DNA of the Donor s p e c i e s  and b r e e d s  t r u e  f o r  count less  genera t ions .  

This  is one way to a l t e r  t h e  genotype. 

The new spec ies ,  

Another way t o  m u t a t e  the genotype is by way of X-rays ,  ul t raviolet  

l ight and o ther  f o r m s  of radiat ion and by a v a r i e t y  of c h e m i c a l s  l ike m u s t a r d  

gas .  T h e r e  is now qui te  an a r s e n a l  of t h e s e  mutagenic  agents which produce 

specif ic  c h e m i c a l  a l te ra t ions  i n  t h e  DNA. 

an a l te ra t ion  in the DNA? 

a change in the p a r t i c u l a r  protein that  c o r r e s p o n d s  to tha t  gene. 

change a l e t t e r  in a v e r y  carefu l ly  worded m e s s a g e  the chances  a r e  v e r y  

g r e a t  tha t  the m e s s a g e  will  b e  d i s t o r t e d .  

What is  t h e  consequence af such  

A change at one spot  on the DNA is re f lec ted  by 

If you 

F o r  example,  changing a c e r t a i n  
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l e t t e r  in  the DNA of the gene respons ib le  f o r  the pro te in  hemoglobin r e s u l t s  

in  a chan e in  one of the 300 amino acids  that  c o m p r i s e  hemoglobin. 

c e r t a i n  individuals suffer ing f r o m  sickle cell anemia  th i s  s ingle  amino acid 

change in t h e i r  hemoglobin makes it f rag i le  and functionally defective.  The 

d i s e a s e  is f a t a l  in a l a r g e  percentage  of individuals G t h  this  defect.  In l e s s  

benevolent soc ie t ies  such  individuals would d i e  before  mating o r  b e  d iscouraged  

f r o m  doing so.  V e r y  r a r e l y  a change in a l e t t e r  of the DNA m e s s a g e  will  give 

r i s e  to a d i s tor t ion  in the  resul t ing pro te in  tha t  will have a fe l ic i tous conse-  

quence. 

o r  surviving and in  reproducing  i n  a given environment .  

t ion t h i s  new s p e c i e s  is thus favored and a faithful reproduct ion  of m e m b e r s  

of that  favored  s p e c i e s  is encouraged.  

of s p e c i e s  is all about. 

In 8 

It m a y  give the m u t a n t  individual a d is t inc t  advantage in  thr iving 

By n a t u r a l  selec- 

T h i s  is i n  e s s e n c e  what evolution 

inrre r e a l l y  d o n ' t  know the par t icu lar  agents  which have been  respon-  

sible f o r  the muta t ions  r e s p o n s i b l e  f o r  the evolution of s p e c i e s  we s e e  

r e p r e s e n t e d  on e a r t h  today. 

mutagenic  agents affecting u s  i n  o u r  environment  at p r e s e n t ,  

b u r d e n  of all r e c e n t  e x p e r i m e n t a l  work conf i rms  that  given enough t i m e  and 

enough genera t ions ,  r a n d o m  mutagenic  events,followed by n a t u r a l  selection, 

provides  a compelling explanation fo r  the a s s o r t m e n t  of c r e a t u r e s  on  the 

e a r t h .  

the a r c h i t e c t u r e  of a tendon, 

even m o r e  fan tas t ic  mrnplexity and ingenuity in  the biochemical  p r o c e s s e s  i n  

We ' re  not m u c h  b e t t e r  off in  a s s e s s i n g  the 

But 

Y O r  
I have of ten  m a r v e l l e d  a t  the incredible  color ing of a but te r f l  

T h e s e  wonders  pale by c o m p a r i s o n  with the 
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S+t) 
in  e v e r y  cel l .  

game f o r  

d a y  in  e v e r y  c o r n e r  of the e a r t h  f o r  o v e r  a bil l ion y e a r s .  

f o r m s  like b a c t e r i a  have genera t ion  t i m e s  of 20 minutes  r a t h e r  than 20 y e a r s ,  

But then  I r e a l i z e  that  a s  we 've been  at th i s  

100 y e a r s  w h e r e a s  n a t u r e  has  been  working night and 

And s i m p l e r  

I have ta lked so f a r  about the des t iny  d e t e r m i n e d  by o u r  DNA. 

t h e r e  anything we c a n  do to a l te r  the consequences of o u r  h e r e d i t a r y  endow- 

m e n t ?  The  influences of the environment  a r e  wll known to a l l  of u s  f r o m  

our  exper ience .  

in  developing a cu l ture  which h e  can  provide as a legacy  by h i s  wri t ings 

and other  teachings.  F i r e ,  the wheel, the computer ,  language, the atomic 

concept, m o r a l s  a r e  e a s i l y  acquired because  they d o n ' t  have to e n t e r  the 

DNA. But then again t h e y ' r e  e a s i l y  l o s t  too. 

things t h a t  c a n  be done to a l t e r  the phenotype 

t ransplantat ion of o r g a n s  o r  c l u s t e r s  of c e l l s  tha t  will  develop into organs .  

Endocrine glands,  kidneys might  be the kinds of t i s s u e s  which soon m a y  

be used to r e p l a c e  defect ive o r  c a n c e r o u s  o r g a n s .  D r u g s  will  be developed 

that will d o  m o r e  than al leviate  a defec t  o r  thwar t  a m i c r o b i a l  invader;  

these  d r u g s  will  influence and modify the development  of o r g a n s  which 

normal ly  cope with th i s  problem. 

f icat ion of the p a t t e r n s  of development  of the nervous  s y s t e m  a s  of any 

o t h e r .  

na ture  should b e  cited.  

s i z e  with r a t h e r  e labora te  p r o g r a m s  to  faci l i ta te  m e m o r y  and judgment.  

A s  an example  of what c o m p u t e r s  c a n  do: 

Is 

It is worth r e s t a t i n g  that  m a n  d i f f e r s  f r o m  at her  c r e a t u r e s  

Among the m o r e  profound 

that  we s e e  i n  p r o s p e c t  a r e  

Such d r u g s  m a y  a s  eas i ly  include a modi -  

In t h i s  ca tegory  the u s e  of phenotypic m o d i f i e r s  of a non-medical  

Computers  will  soon be minia tur ized  to pocket 
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. ' < r - ?  

Story  of g e n e r a l  asking for  advice on  mili tary decis ion;  answer  

f r o m  computer  was  ! 'yes.  I t  "Yes,  w h a t ? "  Computer  a n s w e r s  " Y e s ,  sir. 1 1  

What I 've  d i s c u s s e d  up to  th i s  point indicates  tha t  we have a r e a s o n -  

ably sound insight  into the m o l e c u l a r  b a s i s  of biological  f o r m  and function. 

We a lso  have a reasonably  c l e a r  g r a s p  of the na ture  of the evolut ionary 

p r o c e s s  and a r e m a r k a b l e  capaci ty  to modify and shape s p e c i e s  b y  al ter ing 

genotypes and phenotypes.  So f a r  the a r e a s  of m a j o r  c lar i f icat ion in  biology 

have not included the nervous  s y s t e m  of s i m p l e r  c r e a t u r e s ,  l e t  alone 

that  of m a n .  .=L, L \ C I  1'1) i l .  # <  
t 3  k \&- ,r  >&-% < ~ . " 

We t h e r e f o r e  c o m e  to the second question. 

2. Are  m e n t a l  p r o c e s s e s ,  desp i te  t h e i r  complexity,  understandable  

at a m o l e c u l a r  l e v e l ?  

R a n g e > "  ' '  - t  , 

Why n o t ?  Yes.  Of c o u r s e ,  I 

I don ' t  u n d e r e s t i m a t e  o u r  ignorance of and the complexity of the 

na ture  o f  thought p r o c e s s e s ,  emot iona l  r e s p o n s e s ,  in short , the personal i ty .  
___x .-...- " 

Yet t h e r e  a r e  two compelling r e a s o n s  f o r  assuming that  m e n t a l  p r o c e s s e s  
I__ - ..." +. -.- 

m u s t  b e  accessible to  the biochemist :  1) Without the  conviction tha t  this  
s= 

lofty peak can  b e  r e a c h e d ,  t h e r e  will  b e  no assaul t ,  and 2) biological  p r o c e s s e s  

that  appeared  to  b e  of c o m p a r a b l e  complexity have been  solved in  a re len t -  

I - 

l e s s  fashion, and I would add at an incredib le  speed.  L e t  m e  i l lus t ra te .  
) 

Who would have imagined in 1850 that Darwin the n a t u r a l i s t  af ter  a long 

voyage around the world could m a k e  the observa t ions ,  col la te  t h e m  and i n t e r -  
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p r e t  t h e m  in  a way t h a t  has  explained biological and even chemica l  phenomena 

e v e r  s i n c e ?  Equal ly  r e m a r k a b l e  is that  en t i re ly  independent of Darwin, a t  

the s a m e  t i m e  and half a world away in  Austral ia ,  Wallace formula ted  a 

concept  of evolution b a s e d  on n a t u r a l  se lec t ion  which hard ly  differed f r o m  

Darwin ' s .  Even today th i s  f e a t  of D a r w i n ' s  and Wallace 's  is an intellectual 

tour  d e  f o r c e  that  is inspir ing.  

C l o s e r  to home is the h is tory  of alcoholic fe rmenta t ion .  P a s t e u r  

had es tab l i shed  around 1850 tha t  yeast  cells w e r e  respons ib le ,  €4+4ei~ 

f . .  " r h e  p r o b l e m  of alcoholic fermentat ion,  -1- 

t b v s f P r i g f - 1  y . w n t n P n I 1  c &a-+iy! which conver t s  t h e  

insipid ju ice  of the g r a p e  into s t imulat ing wine, -e e x e r t e d  a 
RaA- 

fascinat ion o v e r  the m i n d s  of n a t u r a l  phi losophers  f r o m  the v e r y  e a r l i e s t  

t i m e s .  * 

P a s t e u r ,  a f te r  the m o s t  br i l l i an t  and persp icac ious  

studies)concluded tha t  the convers ion  of sugar  to  alcohol and CO was a v i t a l  2 

act, a p e r f o r m a n c e  of which only an intact  growing yeas t  c e l l  was  capable.  

In his words: 

"The chemica l  a c t  of fe rmenta t ion  is essent ia l ly  a phenomenon cor re la t ive-  

with a v i ta l  act, commencing and ceas ing  with the l a t t e r ,  I a m  of the opinion 

that  alcoholic fe rmenta t ion  never  o c c u r s  without s imultaneous organizat ion,  

development ,  mult ipl icat ion of cells o r  the continued life of c e l l s  a l r e a d y  

formed.  T h e  r e s u l t s  e x p r e s s e d  in  th i s  m e m o i r  s e e m  to m e  to b e  completely 
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opposed to  the opinions of Liebig and B e r z e l i u s .  If I a m  asked in what 

c o n s i s t s  the c h e m i c a l  a c t  whereby the s u g a r  is decomposed and what is 

its r e a l  cause ,  I r e p l y  that  I a m  completely ignorant  of it. 

Then  in 1900 qui te  by accident,  Buchner  m a d e  a c l e a r  ju ice  by p r e s s -  

ing yeas t  and upon addition of s u g a r  observed  a frothing and foaming and 

production of alcohol. He wisely recognized that  he had d i s c o v e r e d  alcoholic 

fe rmenta t ion  in a c e l l - f r e e  s y s t e m .  

chemica l  e r a .  

fe rmenta t ion  c l a r i f i e d  a s  a sequence of about 15 d i s c r e t e ,  chemical ly  

T h i s  w a s  the s t a r t  of the m o d e r n  bio- 

During t h e  first half of th i s  cen tury  we s a w  the p r o c e s s  of 

ra t iona l  s t e p s  leading from:glucose 4 2CO t 2CH3CH OH and a ne t  
2 2 

accumulation of chemica l  energy  in  the  f o r m  of A T P  tha t  suppor ts  the  life, 

growth and mult ipl icat ion of the y e a s t  cell .  

I have never  forgot ten t h i s  l e s s o n  f r o m  his tory  and the m e n  whose 

l ives  have displayed t h e i r  devotion to  it. To r e s t a t e  it, the l e s s o n  is 

s imply  that words  l ike cel l ,  p ro toplasm,  nucleus and other  inventions of 

the sc ien t i s t  a r e  useful  but dangerous .  T h e 2  tend to c lose  an i s s u e  by packaging 

it in a name.  T a k e  "protoplasm. ' I  What a t r a g i c  a l ta r  for  so m a n y  gifted 

minds  and l ives  even today. We mus t  a s s u m e  t h a t  everything, but everything, 

can ul t imately b e  d e s c r i b e d  in  physical  and chemica l  terms, if not today, 

then v e r y  soon, m a y b e  tomorrow.  

Jl&A 
I -7niind 1945 l e c t u r e s  which A. J .  Kluyver of 

Delft  de l ivered  in 1930. He was  a gifted and highly accomplished m i c r o -  
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biologist  and b iochemis t .  Discuss ing  the synthes is  of f a t t y  acids  he said:  

F o r  I have only to r e m i n d  you how the convers ion  of s u g a r  into 

fa t  d e m a n d s  f o r  its s u c c e s s f u l  complet ion a harmonious s u c c e s s i o n  of a 

s p e c i a l  s e t  of p r i m a r y  r e a c t i o n s  out of t h e m a n y  that  a r e  possible .  

p e r f e c t  harmony which is the one condition f o r  such a long chain of r e a c -  

t ions is the exclusive prerogat ive  of t h e  living ce l l . - -Hence  a t tempts  t o  p r e -  

p a r e  f r o m  m i c r o b i a l  c e l l s  enzymatic  agents capable of bringing about m o r e  

complicated metabol ic  p r o c e s s e s  will  b e  f r u i t l e s s ,  b e c a u s e  e i ther  t h e  

harmony r e q u i r e d  will  b e  d i s t w b e d  b y  the methods  applied o r ,  if t h i s  pit- 

fa l l  is avoided by a v e r y  m i l d  t r e a t m e n t  of the cel l ,  m o s t  o ther  metabol ic  

p r o c e s s e s  will  b e  main ta ined  as well, with the r e s u l t  t h a t  the c e l l s  will  

continue t h e i r  no r m a1 dev  e lo p m e  nt . 

I I  

And the 

"We will  have to r e s i g n  o u r s e l v e s  to  the f a c t  that  we will  never  

succeed i n  proving exper imenta l ly  t h e  enzymatic  c h a r a c t e r  of m o r e  compli-  

cated metabol ic  p r o c e s s e s .  " 

20 
Yet within &s y e a r s ,  the e n z y m e s  of fa t ty  acid oxidation had been 

isolated and c h a r a c t e r i z e d  and by 1960 we understood the c h e m i s t r y  of 

fatty acid to the point of being able to r e c o n s t r u c t  it in  the test 
5+ 

tube and chemica l ly  ra t iona l ize  m o s t  of its de ta i l s .  On to the  next bastion! 
, %  ' 1 . f  c\ \ 

{&-.'* 

$?;,*. : Edi tor ia l  comment  in  newspapers  about the genet ic  code, v i r a l  action, 

The  

, < - >  '','t ,.. '1\ . 
p' v 7  i ' \5'& ' t r a n s f o r m a t i o n  invar iab ly  r e f e r  to the  ongoing revolution in biology. 

burden  of m y  a r g u m e n t  is tha t  t h e r e  is no new revolution in  the philosophy 

and p r a c t i c e  of b iochemis t ry .  F. G. Hopkins eloquently disowned proto- 

p l a s m  50 y e a r s  ago. It j u s t  r e q u i r e s  the courage  of o u r  convictions to 
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r e j e c t  v i t a l i s m  in  the face  of new and seemingly  m o r e  difficult  p r o b l e m s .  

Twenty y e a r s  ago Beadle  and Tatum,  h e r e  at Stanford,  es tab l i shed  in  t h e i r  

work  with N e u r o s p o r a  that  t h e r e  w a s  a c l e a r  and c a u s a l  connection between 

a gene and a given enzyme.  But 10 y e a r s  ago not even Beadle,  who is any- - - 

thing but p e s s i m i s t i c ,  would have d r e a m e d  that  today we would understand 

gene action with such  c l a r i t y  and have techniques and tools  to manipulate  

and shape it. I a m  astonished to have witnessed what D r .  C. Yanofsky h a s  

accomplished in  the l a s t  5 yea r s  es tabl ishing tha t  the  l i n e a r  a r r a n g e m e n t  

of the amino ac ids  in a p a r t i c u l a r  enzyme is spel led out by p r e c i s e l y  the 

anticipated l i n e a r  a r r a n g e m e n t  of units in  the DNA of the gene which codes 

f o r  that  enzyme.  

While the t e r m  revolut ion is not justif ied,  I c a n ' t  deny that  t h e r e  has  

been  lo t s  of exci tement ,  the pace has  quickened and the i n t e r e s t  and imagina- 

t ion of phys ic i s t s  and c h e m i s t s  and the intell igent c i t izen  h a e b e e n  sparked  

by these  insights  into the c h e m i c a l  b a s i s  of heredi ty .  

How about an understanding of the nervous  s y s t e m ?  Does  o u r  

ignorance of m e m o r y ,  moods  and m e n t a l  i l lness  indicate  that  th i s  a r e a  

of biology is qui te  another ke t t le  of f i s h ?  

-m&-.-<---- - , -.-- 
Of c o u r s e  not! T h e r e  s imply  has  

been re la t ive ly  l i t t le  work  done o n  the fine anatomy and t h e  b i o c h e m i s t r y  of 

the bra in .  

a c t e r i z e  the compounds that c o m p r i s e  nervous  t i s sue .  

I, -rG 
V e r y  l i t t le  sol id  work has  b e e n  at tempted ?+e isolatat and c h a r -  

,hi  4 
T h e r e  h a s  b e e n  

re la t ive ly  little effor t  toward a b a s i c  g r a s p  of the m e c h a n i s m  of energy  t r a n s -  

f e r  f r o m  A T P  to e l e c t r i c  c u r r e n t - - t h i s  is t r u e  i n  the e l e c t r i c  e e l  and of 

A 

c o u r s e  even m o r e  t r u e  i n  the bra in .  A s  s e r i o u s  probting ge ts  under way, 
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we c a n  expec t  new techniques to  b e  developed to m e e t  the demands  of novel 

quest ions,  unusual  compounds and b i z a r r e  a r r a n g e m e n t s .  New insights  

will  e m e r g e  and I know for  c e r t a i n  that  sooner  than  I 'd conserva t ive ly  

e s t i m a t e ,  we ' l l  understand the c h e m i c a l  b a s i s  of ldrugs,  hormones  and 
how 

i . LJI Sd$t\,i r r ."*\%.+ *. z L I Z  %k#.LA \ L + + * l L . .  L ' h n - 4  . emotional  s t r e s s e s  influence o u r  behavior .  

'P?.*"The e t e r n a l  m y s t e r y  of thz  wor ld  I_- is i t s c o m p r e h e n s i b i l i t y .  " l!&&&&n 
- 

/- 

*Ah f C L W  rc e 

&" -'- 
,kl*$* -.. . P We come now to the last and perhaps  m o s t  per t inent  quest ion 

3 .  Even if m e n t a l  p r o c e s s e s  and emotions a r e  understood at  a molec-  

u la r  level,  a r e  sc ience  and technology adequate to guide human behavior  ? Is 

rel igion n e c e s s a r y  a s  a guide to the human s p i r i t ?  

+,Jil* 

.v..' 
v 

Of c o u r s e  t h e r e  is no scient i f ic  f o r m u l a  f o r  solving social ,  poli t ical  ;; h' 

o r  a r t i s t i c  quest ions.  I t  is absurd  to expect  available scient i f ic  methods  

to govern o u r  dec is ions  in t h e s e  a r e a s .  

! kk,/.< i .{ k.1 t it,*+. s** * r  $4 *--* $L Xt-I L I  *d 4 
Never the less  I %i.rrsl, a s  so m a n y  of m y  col leagues &a, that  religion 

h 

is not n e c e s s a r y  f o r  developing a code of e th ics  and f o r  s p i r i t u a l  and - 
aesthet ic  p l e a s u r e s .  

tudes it g e n e r a t e s  provide g r e a t  sat isfact ion f o r  m y  asp i ra t ions .  

it is s ta ted  by theologians and occasional ly  by s c i e n t i s t s  too that  t h e r e  is 

no conflict between s c i e n c e  and rel igion.  

conflict is deep  and should b e  recognized as such.  

R a t h e r  I find t h a t  the p r a c t i c e  of sc ience  and the atti- 
c I*$$. I 4 

So often 
8% 

- y - f i e  

This  s imply  is not t r u e .  The 
)s 

I would l ike to d e s c r i b e  in  g e n e r a l  t e r m s  the asp i ra t ions  of the s c i e n t i s t  
L o  r VrJ 

and what I s e e  that of re l ig ion  to be.  In doing this  I will  q+&e l ibera l ly  and 
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f r e e l y  f r o m  I. I, Rabi  who put th i s  wh&e matter so nicely in  a br ie f  l e c t u r e  

2 y e a r s  ago. 

A g r e a t  v a r i e t y  of d r i v e s  c a u s e  m e n  to  become i n t e r e s t e d  in  science.  

T h e i r  personal i t i es  and the c u l t u r e s  f r o m  which they come c o v e r  the m a p .  
-kc-- I--. 

L e t  m e  d i s c u s s  first the method of s c i e n c e  and then  &s culture,, T h e  method 

of sc ience  has  m a n y  f a c e t s .  

- - 
I will  e m p h a s i z e  two of its asp i ra t ions .  

T h e r e  is the co l lec tor  and c l a s s i f i e r  whose concentrat ion might  

have been  in s t a m p s ,  books o r  p ic tures ,  but a s  a sc ien t i s t  it is in  p h a s e s  

of botany, geology, a s t r o n o m y  o r  spectroscopy.  High ta lents  of intel lect  

and insight can  b e  devoted to these  a s p e c t s  of sc iences .  

spec ies  of v i r u s ,  a new s p e c t r a l  sequence,  a new collection o r  s y s t e m  of 

galaxies  c a n  b e  both excit ing and demanding. Ingenuity, p e r s i s t e n c e  and 

some luck a r e  n e c e s s a r y  f o r  s u c c e s s  and sa t i s fac t ion  in th i s  phase of 

science.  We would b e  nowhere without th i s  type of person .  

The hunt f o r  a new 

Basical ly ,  th i s  e l e m e n t  of sc ience  s a t i s f i e s  m o r e  immedia te ly  

the d e s i r e  to d iscover  and to know the f a c t s  of na ture .  

and inexhaustible s o u r c e  of wonder and amusement .  

Nature  is a g r a n d  

7 

L L  l r l d y  

u1 * L r e u L i : , t .  T h e  sc ien t i s t ,  the exper imenta l  

sc ien t i s t  a t  l eas t ,  s h a r e s  with the poet and artist a feeling f o r  the value 

& the  immedia te  and the var iega ted  face  of na ture .  The  geologist  loves 

his b r i g h t  and shiny s tone,  the b iochemis t  h i s  new enzyme,  the physicis t  

h i s  s p e c t r o g r a m .  
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In holding a m i r r o r  to na ture ,  the sc ien t i s t  s a t i s f i e s  his b a s i c  

d e s i r e  o r  asp i ra t ion  j u s t  to know, to find out, o r  ,with good fortune, 

perhaps  m a k e  o r d e r  out of the o therwise  chaotic jumble of immedia te  

exper ience .  In It is a n  asp i ra t ion  tha t  we a l l  s h a r e  f r o m  childhood. 

th i s  s e n s e  s c i e n t i s t s  a r e  j u s t  ch i ldren  who n e v e r  g r e w  up, who never  

los t  the nagging u r g e  to a s k  how, why, and what. To the chosen  few 

whose l i fe t ime of labor  in collecting is crowned b y  a n  insight  which o r d e r s  

these  f a c t s  of n a t u r e  into a s imple ,  meaningful pat tern,  we pay homage 

and grat i tude.  

The o t h e r  face t  of human asp i ra t ion  which contr ibutes  to the method 

of sc ience  is making things.  The use  of tools,  the a r t s  and c r a f t s  a r e  not 

science,  but s h a r e  with sc ience  the manipulat ion of na ture .  A r t s  and 

c r a f t s  s a t i s f y  the d e s i r e  f o r  m a t e r i a l  needs of food, s h e l t e r ,  decorat ion,  

a r m a m e n t .  Scientific tools  a r e  l e s s  p r a c t i c a l  but in  the  end m o r e  power-  

fu l .  They manipulate  na ture  not f o r  immedia te  o r  m a t e r i a l  ends but f o r  

the purpose  of providing new knowledge o r  the tools which could provide 

new knowledge. 

W h a t  is the cu l ture  of s c i e n c e ?  H e r e  we s h a r e  with the poet and 

artist the del ight  in immediate e m p i r i c a l  exper ience  with its aesthet ic ,  

emotidnal  and intel lectual  va lues .  T h i s  exper ience  is e x p r e s s e d ,  not in 

the language of t h e  hear t ,  but in  a f o r m a t  tha t  is understood without 

b a r r i e r s  of language, national cu l ture  o r  t ime.  

ing sc ien t i f ic  exper ience  is a c r u c i a l  e lement  of t h e  cu l ture .  

T h i s  discipl ine of r e p o r t -  
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T h i s  manipulat ion of n a t u r e  is not d i r e c t e d  to  useful ends o r  ends 

T h e r e  is enough p l e a s u r e  j u s t  in the inven- which are said to  be useful. 

t ion of novel combinations to achieve what had been  difficult o r  impossible .  

Our goal  is to uti l ize the tools of p r e s e n t  knowledge to ga in  new 

knowledge, knowledge which we could never  have f o r e s e e n  o r  imagined. 

I d o n ' t  understand why the s c i e n t i s t ' s  asp i ra t ions  and sa t i s fac t ions  a r e n ' t  

widely understood. They  a r e  a f te r  al1,the asp i ra t ions  which a r e  s h a r e d  

by al l  thinking and feel ing people. T h e r e  is p e r h a p s  one i m p o r t a n t  dis- 

tinction. Our sa t i s fac t ions  c o m e  f r o m  broadening and deepening our  know- 

ledge and understanding of - a l l  phenomena, w h e r e a s  the r e s t  of mankind - 
concent ra tes  on  m a n .  The sc ien t i s t  t r i e s  to s e e  the world as it r e a l l y  is 

o r  might  be s h o r n  of m a n ' s  e x c e s s i v e  preoccupat ion with himself.  

sc ient i f ic  cur ios i ty  includes the n a t u r e  of m a n ,  it will  never  b e  sa t i s f ied  

Since 
- - - " - . - . # " - W . - . - " * ~  C1"*.r-L-"-%beyw *_ __,. .-e, rn . 1 1  

because  it wil l  never  r e a c h  its goal  to know al l  and understand all.  

Now f o r  re l igion.  Scieince and rel igion have always b e e n  in  conflict. 

Since the t ime of Galileo th i s  conflict  h a s  sharpened .  Many able m e n ,  

both f r o m  t h e  side of sc ience  and of re l igion,  t r y  to r e a s s u r e  you that  

t h e r e  is no conflict. Books tores  do a big b u s i n e s s  with t h i s  l i t e r a t u r e .  To 

synthesize such  a b r i d g e  only deva lues  both a s p e c t s  of a powerful u r g e  of 

the human s p i r i t .  

The  u r g e  to comprehend the v is ib le  and invisible universe  and to 

find m a n ' s  place within it is common to both sc ience  and rel igion.  In these  

m a t t e r s  re l ig ion  has  always taken the lead.  Quest ions about m a n ' s  place 
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in the universe  and his  o r i g i n s  had to b e  given a n s w e r s  in  each generat ion.  

And they had to b e  complete  a n s w e r s .  

The  ancient Hebrews  could not wait  f o r  the d i s c o v e r y  of the neutron 

and b a c t e r i a , o r  for  Darwin,  Morgan, C r i c k  and Watson to explain the 

v a r i e t y  of life and the o r i g i n s  of m a n  and of t h e  universe .  

i 

T h e  poetry of the Bible cannot fail to move  the m o s t  p r o s a i c  s c i e n t i s t  

even today. By dramatic i m a g e r y  and lofty poetic insight,  re l ig ions  have 

provided systems that  e m b r a c e d  everything.  They gave immedia te  satis- 

faction to m a n ' s  yearnings f o r  o r d e r  in  the world,  and guidance in his  l ife 

on e a r t h  and h i s  fu ture  beyond it. They r e l e a s e d  him f r o m  c e r t a i n  f e a r s ,  

s o m e t i m e s  by substi tuting new ones .  

and rel igion has  exploited t h i s  human quality.  

s y s t e m $  to b e  fully effective it has  always become establ ished in law and 

custom; the  tene ts  come to  be r e g a r d e d  a s  self-evident.  

People  want v e r y  m u c h  to bel ieve 

F o r  a re l ig ion  o r  re l ig ious  

Religious thoughtsoars  l ike an eagle.  Science plods l ike a bul ldozer .  

Where s c i e n c e  h a s  p a s s e d  anyone c a n  follow. 

c r a t i c  sc ience  is d e m o c r a t i c .  

jungle. 

the ground is alwys readied  for  newer and p e r h a p s  even m o r e  beaut i ful  

c r o p s .  In any event  e v e r y  individual gets a f r e s h  s t a r t .  

You hear  it s a i d  that  s c i e n c e  g ives  m a n  knowledge but does  not t e l l  

He is supposed to g e t  these  insights  f r o m  re l ig ion  

Whereas  re l ig ion  is a r i s t o -  

T h e  bul ldozer  of sc ience  c l e a r s  a tangled 

S o m e t i m e s  the jungle h a s  had lovely g a r d e n s  and sen t iments .  But 

him what to do with it. 
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o r  f r o m  the so-ca l led  humanit ies .  What a pretension!  T h e  g r e a t  wri t ings 

of the humanist  and holy re l ig ious  w r i t s  c a n  i n s p i r e  m e n  to noble act ions;  

they can a l so  inci te  h im to a c t s  of folly and crue l ty .  

Science d o e s n ' t  m a k e  s u c h  c la ims .  It p r e s e n t s  what it knows a t  

the m o m e n t  and leaves  t h e  choice and dec is ion  to an informed ac t  of " f ree  

will" of the individual o r  group of individuals. Because  sc ience  doesn ' t  

know al l  the a n s w e r s ,  it cannot p r e s c r i b e  the "cor rec t"  choices .  It pro-  

m o t e s  the g r e a t e s t  lat i tude f o r  individuality in  wise choice of a l te rna t ives  

based  o n  available information.  

The conflict  between s c i e n c e  and religion, between s c i e n c e  and the 

humanities]remains.  Religion and humanit ies  m u s t  always claim m o r e  than 

it knows and, t h e r e f o r e ,  m u s t  always r e t r e a t  and qualify a s  s c i e n c e  

advances.  The  t r u e  humanis t  and re l ig ionis t  welcomes  scient i f ic  advance 

because  it also allows h i m  to advance h i s  cause  with d e e p e r  understanding. 

Often, when I r e a d  what the humanist  s a y s  about the s c i e n t i s t  I am 

4N.L 
s t r u c k  b y  Mre exaggerat ion of the methodologic de ta i l s ,  the technologic 

applications,  4.Aw r e l e n t l e s s  acquis i t ion of scient i f ic  d i scovery .  $here 
9 d--w I-nc '1 v-b . L A  V I  r M . r c  OU - . . L G L  ,&%: "r 

A f n 
is no bat t le  o r d e r  m a r c h  toward a p r e d e t e r m i n e d  goal. Quite the opposite.  

T r u e  s c i e n t i s t s  t radi t ional ly  a r e  f r e e  and highly individualist ic,  

E a c h  s e t s  his own goals  following his  i n t e r e s t s .  Such co-ordinat ion a s  t h e r e  

is c o m e s  out of the na ture  of the subjec t  m a t t e r  and out of the t radi t ion of 

t h e  discipl ine.  Attempts  to i n t e r f e r e ,  d i r e c t ,  o r  guide th i s  f reedom,  a s  i n  

s o m e  count r ies  with overplanned soc ie t ies ,  r e s u l t  in inefficiency and f r u s -  

* .  
II- s-4 L - ~ t L , b k . a c  +*, , * ,  m/ C i t i i . r c . + C  ~i l~pw+t- - .  A*. rft'- 

' 2  
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t ra t ion  of the c r e a t i v e  urge .  Sc ien t i s t s  are  wel l  aware  tha t  they a r e  prone 

to e r r o r .  He is i n  constant  d r e a d  knowing how e a s i l y  h e  can m i s i n t e r p r e t  

h i s  observa t ions  o r  m i s s  t h e  e s s e n t i a l  pear l .  The bold specula tor  can 

become s o  fasc ina ted  by the beauty and sweep of h i s  hypothesis that  he 

m a y  s e e  it as an end in i tself .  It mus t  be t r u e ,  he fee ls ,  because  it is - 
so  elegant.  However,  na ture  is the c o u r t  of highest  appeal. It and its 

scient i f ic  s e r v a n t s  a r e  r e l e n t l e s s ,  and e r r o r  cannot surv ive  f o r  long. 

H e r e  is one of the g r e a t e s t  appeals  of science,  an appeal  which 

s a t i s f i e s  one of the g r e a t e s t  of human asp i ra t ions  - -  to b e  a m e m b e r  of a 

community which is f r e e  but discipl ined.  Science p o s s e s s e s  an  infinite 

v a r i e t y  of l imi ted  goa ls  but  i n  toto m a r c h e s  toward a l i m i t l e s s  horizon. 

It consol idates  its ga ins  but  never  rests. T h e r e  is an  inner  solidity and 

o p t i m i s m  in  the community which c o m e s  f r o m  a s e n s e  of achievement.  
----"%- 

T h e r e  is a d e e p  conviction tha t  the advance of sc ience  is impor tan t  and 

worthy of the g r e a t e s t  effort .  T h e r e  is f i e r c e  competit ion,  t h e r e  a r e  

s t rongly held convictions,  and s h a r p l y  differing evaluations of one achieve- 

m e n t  o r  another.  Despi te  th i s  v e r y  human confusion, t h e r e  is the a s s u r -  

ance t h a t  with f u r t h e r  s tudy will  come o r d e r  and beauty and a d e e p e r  under- 

standing. 

I a m  fond of a quotation f r o m  Aris tot le  ' ~g.4: "The 

s e a r c h  for  T r u t h  is  i n  one way hard  and in  another easy.  F o r  it is evident 

that  no one can  m a s t e r  it fully nor  miss it wholly. But each adds a l i t t l e  

to o u r  knowledge of Nature ,  and f r o m  a l l  the f a c t s  assembled  t h e r e  a r i s e s  
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a c e r t a i n  grandeur .  ” 

Fina l ly  I want to  ment ion  one of t h e  g r e a t e s t  r e w a r d s  of the p u r s u i t  

of scient i f ic  d i scovery .  

It c o m e s  accidentally and is of ten a m a t t e r  of luck r a t h e r  than t h e  r e s u l t  

It m u s t  m a t c h  the revelat ions of the sanctified.  

of planning. It m a y  c o m e  in  an i l luminating f lash  of insight  o r  in  t h e  c o u r s e  

of an exper iment ,  a s  when Anderson s a w  an  e lec t ron  t r a c k  moving the wrong 

way and r e a l i z e d  he had a posit ive e lec t ron ,  o r  when Watson and C r i c k  

assembled  a m o d e l  of DNA tha t  f i t  not only the X - r a y  diffract ion p a t t e r n  

but provided a s i m p l e  m o d e l  f o r  genet ic  repl icat ion.  Sc ien t i s t s  don’t  w r i t e  

about th i s  r a r e  r a p t u r o u s  m o m e n t .  

rout ine of r e s e a r c h .  

It is so different  f r o m  the everyday 
e---------= --- 

T h i s  fleeting v i s i o n  in one f lash  r e w a r d s  you f o r  

months and y e a r s  of patient and d iscouraging  work. At t h e s e  t i m e s  the  

sc ien t i s t  is f i l led with profound awe and humili ty that  he should b e  chosen 

f o r  t h i s  revelat ion.  T h e r e  is a qual i ty  about sc ience ,  o r  r a t h e r  about 

nature ,  which is always m i r a c u l o u s  in  its or iginal i ty .  To obtain a g l impse  

of t h i s  wonder can b e  the r e w a r d  of a l i fe t ime,  


